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DESCRIPTION 

FLUORESCENCE MEASURING APPARATUS 
Technical Field 

[0001] The present invention relates to a fluorescence measuring 

5 apparatus for projecting a plurality of excitation pulse components at 

regular intervals to a specimen and for measuring fluorescent 

components emitted from the specimen corresponding to these ^ 

excitation pulse components. GO 

Background Art ^ 

10 [0002] A fluorescence measuring apparatus is an apparatus that g 

projects a plurality of excitation pulse components generated at qq 

•"' ir- 
regular intervals, to a specimen and that measures fluorescent rn 

" O 
components emitted from the specimen corresponding to these C 

excitation pulse components. For example, the fluorescence 

15 measuring apparatus described in Japanese Patent Application Laid- 

Open No. 59-104519 includes a streak camera, a sampling means for 

sampling a streak image on a fluorescent screen of a streak tube, and 

an image intensifier for intensifying the sampled streak image through 

photoelectric conversion. 

20 Disclosure of the Invention 

[0003] The Inventors investigated the conventional fluorescence 

measuring apparatus and found the following problem. Namely, the 

conventional fluorescence measuring apparatus uses the image 

intensifier to intensify output signals obtained from fluorescent 

25 components generated at regular intervals. The reason is that when 

each fluorescent component is weak, single measurement thereof will 
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not readily allow accurate measurement and that it is thus necessary to 
expand the dynamic range of output signals. The conventional 
fluorescence measuring apparatus uses the streak camera and the 
sampling means in order to meet the. fact that the waveform of each 
fluorescent component is nonlinear. For this reason, there were 
desires heretofore for achievement of easier fluorescence 
measurement using a CCD (Charge Coupled Device), without use of 
the streak camera. 

[0004] the present invention has been accomplished in order to solve 
the problem as described above, and an object of the invention is to 
provide a fluorescence measuring apparatus having a configuration 
for using the CCD to measure fluorescent components emitted from a 
specimen in accordance with excitation pulse components projected at 
regular intervals. 

[0005] The Inventors conducted various studies about the possibility 
of measurement with the CCD (Charge Coupled Device) by projecting 
a plurality of excitation pulse components in the period of 1-2 msec to 
a specimen and measuring fluorescent components emitted from the 
specimen corresponding to the excitation pulse components, with the 
CCD. Figs. 1A-1I are timing charts for explaining an example of 
those studies. The CCD is a device that effects photoelectric 
conversion of received fluorescent components by photoelectric 
converters such as photodiodes (PDs) and that transfers charges 
obtained by charge storage elements such as vertical transfer elements 
and horizontal transfer elements. In order to measure the fluorescent 
components corresponding to the excitation pulse components emitted 
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in the period of 1-2 msec, the period of the photoelectric conversion 
by the photoelectric converters and the transfer of charges stored in 
the charge storage elements needs to be 1-2 msec. 
[0006] Fig. 1A is a timing chart of excitation pulse components, Fig. 
5 IB that of fluorescent components, Fig. 1C that of electronic shutter 
signals, Fig. ID that of readout signals, Fig. IE that of charge 
amounts of photodiodes (PDs), Fig. IF that of stored charge amounts 
of vertical elements, Fig. 1G that of transfer signals of horizontal 
elements, Fig. 1H that of transfer signals of vertical elements, and Fig. 
10 II that of readout of entire data. In Figs. 1C, \G, and 1H, the period 
T indicates a period in which output of each signal is repeated at 
regular intervals. 

[0007] However, it was found out, as shown in Figs. 1A-1I, that it 
was possible to perform the photoelectric conversion and the charge 

15 release to the charge storage elements in the period of 1-2 msec but it 
was very difficult to perform the charge transfer as well within that 
period. Furthermore, it was also found out that when the release and 
transfer of charges corresponding to fluorescent components was 
carried out per generation of fluorescence, signals included noise at a 

20 significant level against charges stored in the photoelectric converters. 

This invention has been accomplished on the basis of these 
knowledge. 

[0008] A fluorescence measuring apparatus according to the present 
invention is a fluorescence measuring apparatus for measuring 
25 fluorescent components emitted from a specimen corresponding to 
respective excitation pulse components projected toward the 
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specimen, which comprises a photoelectric converter, a charge storage 
element, and a controller. The photoelectric converter implements 
photoelectric conversion of the fluorescent components emitted from 
the specimen corresponding to the respective excitation pulse 
components. The charge storage element stores a charge resulting 
from the photoelectric conversion by the photoelectric converter and 
transfers the stored charge. The controller outputs an electronic 
shutter signal for sweeping away the charge resulting from the 
photoelectric conversion by the photoelectric converter, a readout 
sigrtal for reading the charge resulting from the photoelectric 
conversion, into the charge storage element, and a transfer signal for 
sequentially transferring the read charge. Particularly, the controller 
outputs an electronic shutter signal corresponding to generation of a 
pulse component included in excitation light, outputs a readout signal 
corresponding to output of the electronic shutter signal, and outputs a 
transfer signal per at least two readout signals outputted. 
[0009] In the fluorescence measuring apparatus according to the 
present invention, the controller outputs the electronic shutter signal 
per generation of an excitation pulse component and outputs the 
readout signal corresponding to output of this electronic shutter 
signal. For this reason, it becomes feasible to implement 
measurement of a fluorescent component corresponding to each 
excitation pulse component. In addition, since the controller outputs 
the transfer signal per at least two readout signals outputted, a 
plurality of fluorescent components can be measured in a lump. 
[0010] In the fluorescence measuring apparatus according to the 
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present invention, the excitation pulse components and the fluorescent 
components each are preferably of a substantially identical waveform 
and identical period. The reason is that when the fluorescent 
components are of the substantially identical period, the number of 
5 fluorescence generations per predetermined time can be readily 
specified and it is easy to achieve synchronization with the electronic 
shutter signal. In addition, when the fluorescent components are of 
the substantially identical waveform, it becomes easy to measure the 
same waveform part of each fluorescent component. 

10 [0011] In the fluorescence measuring apparatus according to the 

present invention, the controller preferably outputs the electronic 
shutter signal and the readout signal so as to enable measurement of 
the same waveform part of each of the fluorescent components. 
When the same waveform part of each of the fluorescent components 

15 is measured, a charge corresponding to each part can be obtained by 
dividing the measurement result by the number of fluorescent 
components measured. 

[0012] Furthermore, in the fluorescence measuring apparatus 
according to the present invention, the controller preferably outputs 

20 the electronic shutter signal and the transfer signal consecutively 
during a period before emission of a fluorescent component. The 
reason is that when the electronic shutter signal and the transfer signal 
are outputted before emission of a fluorescent component, i.e., before 
a start of measurement, it is feasible to prevent an unwanted charge 

25 from being stored in the photoelectric converter and in the charge 
storage element. 
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[0013] In the fluorescence measuring apparatus according to the 
present invention, the charge storage element may comprise a first 
charge storage element for directly receiving the charge from the 
photoelectric converter, and a second charge storage element for 
receiving the charge from the first charge storage element. In this 
case, the controller preferably outputs the transfer signal to the first 
charge storage element per predetermined number of readout signals 
outputted, and outputs the transfer signal consecutively to the second 
charge storage element. The reason is that when the transfer signal 
is consecutively outputted to the second charge storage element, 
storage of an unwanted charge in the second charge storage element 
can be effectively reduced. 

[0014] The present invention will be more fully understood from the 
detailed description given hereinbelow and the accompanying 
drawings, which are given by way of illustration only and are not to 
be considered as limiting the present invention. 
[0015] Further scope of applicability of the present invention will 
become apparent from the detailed description given hereinafter. 
However, it should be understood that the detailed description and 
specific examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only, since various changes 
and modifications within the spirit and scope of the invention will be 
apparent to those skilled in the art from this detailed description. 
Brief Description of the Drawings 

[0016] Figs. 1A-1I are timing charts for explaining a process of 
studies toward the present invention; 
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[0017] Fig. 2 is an illustration showing a configuration of a measuring 
system including a fluorescence measuring apparatus according to the 
present invention; 

[0018] Fig, 3 is an illustration showing a configuration of the CCD 
5 shown in Fig. 2; and 

[0019] Figs. 4A-4I are timing charts for explaining the operation in 
the fluorescence measuring apparatus according to the present 
invention. 

Best Mode for Carrying out the Invention 

10 [0020] An embodiment of the fluorescence measuring apparatus 

according to the present invention will be described below in detail 
with reference to Figs. 2, 3, and 4A-4I. The same portions and the 
same elements will be denoted by the same reference symbols in the 

description of the drawings, without redundant description. 

15 [0021] Fig. 2 is an illustration showing a configuration of a measuring 

system including a fluorescence measuring apparatus according to the 
present invention. The measuring system shown in this Fig. 2 is 
composed of a CCD camera 10 corresponding to the fluorescence 
measuring apparatus according to the present invention, a laser source 

20 30, and a trigger generator 20. The CCD camera 10 includes a CCD 

101, a CCD driving circuit 102, and a microcomputer 103. The 
CCD driving circuit 102 and the microcomputer 103 constitute a 
controller 100 of the fluorescence measuring apparatus. 
[0022] The CCD 101 is an interline transfer type CCD that measures 

25 a fluorescent component 60 emitted from a specimen 40, based on a 
command signal from the CCD driving circuit 102. In particular, as 
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shown in Fig. 3, the CCD 101 includes photodiodes (photoelectric 
converters) 101a, vertical transfer elements (first charge storage 
elements) 101b, and horizontal transfer elements (second charge 
storage elements) 101c. 
5 [0023] Each photodiode 101a is a portion for storing a charge 
according to an amount of received light, and a plurality of 
photodiodes 101a are arrayed on a substrate so as to form a desired 
light acceptance surface. Each photodiode 101a sweeps away a 
stored charge with input of an electronic shutter signal from the CCD 
10 driving circuit 102, and moves a stored charge to a vertical transfer 
element 101b with input of a readout signal from the. CCD driving 
circuit 102. 

[0024] The vertical transfer elements 101b being the first charge 
storage elements are provided corresponding to the respective 

15 photodiodes 101a. Each vertical transfer element 101b stores a 
charge moved from an associated photodiode 101a and transfers the 
charge to an adjacent vertical transfer element 101b according to 
need. More specifically, each vertical transfer element 101b 
sequentially transfers a charge stored therein, to a vertical transfer 

20 element 101b adjacent on the horizontal transfer element 101c side 
with input of a transfer signal from the CCD driving circuit 102. 
The vertical transfer element 101b adjacent to the horizontal transfer 
element 101c transfers the charge thus transferred, to the horizontal 
transfer element 101c. 

25 [0025] Each horizontal transfer element 101c is provided 
corresponding to a group of vertical transfer elements 101b in a 
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column for transfer of charge from one to another. Each horizontal 
transfer element 101c stores a charge transferred from an associated 
column of vertical transfer elements 101b, and transfers the charge to 
an adjacent horizontal transfer element 101c. A horizontal transfer 
5 element 101c at the end finally stores the charge and, by reading the 
charge from the horizontal transfer element 1 0 1 c at the end, the entire 
data resulting from photoelectric conversion by the photodiodes 101a 
can be read out. 

[0026] The CCD driving circuit 102 outputs the aforementioned 
10 electronic shutter signal, readout signal, and transfer signal, based on 

a command signal from the microcomputer 103. 
[0027] The microcomputer 103 outputs to the CCD driving circuit 
102 command signals for output of the aforementioned electronic 
shutter signal, readout signal, and transfer signal, based on a trigger 
15 signal from the trigger generator 20. More specifically, the 

microcomputer 103 calculates timings of output of the electronic 
shutter signal, readout signal, and transfer signal, based on a trigger 
signal and an exposure delay operation of designating an exposure 
delay time of the CCD 101 relative to the trigger signal, and outputs 
2 0 them at the respective timings to the CCD driving circuit 1 02. These 

CCD driving circuit 102 and microcomputer 103 constitute the 
controller 100. 

[0028] The trigger generator 20 outputs a trigger signal to the laser 
source 30 and to the microcomputer 103. The laser source 30 emits 
25 an excitation pulse component 50 based on this trigger signal, toward 

a specimen 40. As already described, the specimen 40 emits 
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fluorescent components 60 corresponding to respective excitation 
pulse components 50 and the CCD camera 10 measures these 
fluorescent components 60. 

[0029] Next, the operation of measurement of the CCD camera 10 
will be described using the timing charts shown in Figs. 4A-4I. Fig. 
4A is a timing chart of excitation pulse components, Fig. 4B that of 
fluorescent components, Fig. 4C that of electronic shutter signals, Fig. 
4D that of readout signals, Fig. 4E that of amounts of charges in the 
photodiodes (PDs), Fig. 4F that of amounts of charges stored in the 
vertical elements, Fig. 4G that of transfer signals for the horizontal 
elements, Fig. 4H that of transfer signals for the vertical elements, and 
Fig. 41 that of readout of entire data. In Figs. 4C, 4G, and 4H, the 
period T indicates a period in which output of each signal is repeated 
at regular intervals. 

[0030] The laser source 30 of Fig. 2 emits excitation pulse 
components 50 according to trigger signals from the trigger generator 
20, toward the specimen 40 (see Fig. 4A). The trigger signals are so 
regulated that intervals of the excitation pulse components 50 become 
1-2 msec. The specimen 40 releases fluorescent components 60 
according to the excitation pulse components 50 thus emitted (see Fig. 
4B). These fluorescent components 60 are optical components 
emitted according to properties of the specimen 40 and are generally 
of a nonlinear waveform as shown in Fig. 4B. 

[0031] An output delay time D of the electronic shutter signal relative 
to the trigger signal and the delay time W from the output of the 
electronic shutter signal to output of the readout signal are designated 
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by the exposure delay operation fed to the microcomputer 103. The 
output delay time D and delay time W can be optionally set between 
10 usee and 400 usee in consideration of a delay of fluorescent 
component 60 relative to excitation pulse component 50. Namely, 
when the output delay time D and the delay time W are optionally set, 
an exposed part (hatched portion in Fig. 4B) in the waveform of each 
fluorescent component 60 is optionally , set and a spectrum of each 
fluorescent component 60 is made. 

[0032] The electronic shutter signals are outputted at regular intervals 
except for exposure periods from the CCD driving circuit 102 to the 
CCD 101, as shown in Fig. 4C. Namely, the electronic shutter 
signals are repeatedly outputted at regular intervals in each period T in 
Fig. 4C. Since the electronic shutter signal is a signal for sweeping 
away charges stored in the photodiodes 101a of CCD 101, it is 
feasible to reduce storage of unwanted charges in the photodiodes 
101a (see Fig. 4E). 

[0033] A stored charge Aq resulting from photoelectric conversion in 
each photodiode 101a during an output delay time W is transferred to 
the associated vertical transfer element 101b with output of a readout 
signal (see Fig. 4C). In this embodiment, the generation of 
excitation pulse component 50 is carried out t times, and the charge 
Aq resulting from photoelectric conversion in each photodiode 101a is. 
transferred t times to the vertical transfer element 101b. After the t 
operations, a transfer signal is fed to the vertical transfer elements 
101b, and each vertical transfer element 101b successively transfers 
the stored charge (Aq * t) to an adjacent vertical transfer element 101b 
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(see Fig. 4F). The charge thus transferred is then transferred to a 
horizontal transfer element 101c and is further transferred to an 
adjacent horizontal transfer element 101c to be read out. The charge 
thus read out is the charge Aq stored t times, and, by dividing it by the 
number of operations t, it is feasible to obtain the charge Aq 
corresponding to a fluorescent component 60 corresponding to one 
excitation pulse component 50. 

[0034] The transfer signals to the horizontal transfer elements 101c 
are always outputted at regular intervals from the CCD driving circuit 
102. Namely, the transfer signals are outputted at regular intervals in 
the period T in Fig. 4G Since this transfer signal is a signal for 
transferring the charge stored in each horizontal transfer element 
101c, it is feasible to reduce storage of an unwanted charge in each 
horizontal transfer element 101c. 

[0035] The transfer signals to the vertical transfer elements 101b are 
outputted at regular intervals from the CCD driving circuit 102 before 
input of a trigger signal. Namely, the transfer signals are outputted 
at regular intervals in each period T in Fig. 4H. Since this transfer 
signal is a signal for transferring the charge stored in each vertical 
transfer element 101b, it is feasible to reduce storage of an unwanted 
charge in each vertical transfer element 101b. 

[0036] The microcomputer 103 and the CCD driving circuit 102 in 
the controller 1 00 output an electronic shutter signal per generation of 
an excitation pulse component 50 and output a readout signal 
corresponding to output of this electronic shutter signal. For this 
reason, it becomes feasible to perform measurement of a fluorescent 
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component 60 corresponding to each excitation pulse component 50. 
Since the microcomputer 103 and the CCD driving circuit 102 output 
a transfer signal per predetermined number of readout signals 
outputted, it is feasible to measure the predetermined number of 
5 fluorescent components in a lump. 

[0037] In this embodiment, the excitation pulse components 50 are 
generated so that fluorescent components 60 are of a substantially 
identical waveform and period. Since the fluorescent components 60 
are of the substantially identical period, the number of fluorescences 

10 generated per predetermined time can be readily specified. Since the 

fluorescent components 60 are of the substantially identical 
waveform, it becomes easy to measure the identical waveform part 
which is equivalent among fluorescent components. 
[0038] Furthermore, the microcomputer 103 and the CCD driving 

15 circuit 102 as controller 100 calculate the output delay time D and the 
delay time W relative to the trigger signal so as to enable 
measurement of the same waveform part in each waveform of 
fluorescent component 60, and outputs the electronic shutter signals 
and the readout signals based thereon. Therefore, it is easy to 

20 measure the same waveform parts of respective fluorescent 
components emitted multiple times (t) and, by dividing the sum of the 
measurement results (Aq * t) by the predetermined number Of times 
(t), the charge Aq corresponding to the waveform part to be measured 
can be calculated. 

25 [0039] The fluorescence measuring apparatus according to the present 

invention can be modified in various ways, without having to be 
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limited to the above-described embodiment. Such modifications are 
not to be construed as departing from the spirit and scope of the 
invention, and it should be noted that all improvements obvious to 
those skilled in the art are included in the scope of the claims which 
5 will follow. 

Industrial Applicability 

[0040] As described above, since the present invention adopts the 
configuration wherein the controller outputs the electronic shutter 
signals corresponding to the respective excitation pulse component 

10 emitted toward the specimen and outputs the readout signals 
corresponding to the output of the electronic shutter signals, the 
invention enables the measurement of the fluorescent component 
corresponding to each excitation pulse component. Since the 
controller outputs the transfer signal per predetermined number of 

15 readout signals outputted, the predetermined number of fluorescent 
components can be measured in a lump. Therefore, we obtained the 
fluorescence measuring apparatus capable of measuring the 
fluorescent components emitted from the specimen corresponding to 
excitation pulse components, by use of the CCD. 
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